1. The ongoing biodiversity crisis increases the importance and urgency of studies addressing the role of environmental variation on the composition and evolutionary history of species assemblages, but especially the tropics and ectotherms remain understudied.
| INTRODUCTION
The recent developments in the field of community ecology have greatly contributed to our understanding of how ecological and evolutionary mechanisms interact in assembling communities across time and space (Graham & Fine, 2008; Leibold, Economo, & Peres-Neto, 2010) . In incorporating phylogenetic information into community ecology, one can quantify the evolutionary relatedness of species co-occurring within and across regions, and then associate the community phylogenetic structure to niche-related, neutral and historical processes that have mediated species coexistence (Cavender-Bares, Kozak, Fine, & Kembel, 2009; Graham, Parra, Rahbek, & McGuire, 2009) . Despite the importance of such knowledge for ecosystem management and conservation, the factors structuring ecological communities remain little understood for many regions of the planet. Community ecology studies focused on structuring processes remain limited to non-terrestrial temperate habitats, with small to medium spatial extents (<500 km), and based on micro-organisms and invertebrates (Cottenie, 2005; Logue, Mouquet, Peter, & Hillebrand, 2011) . This is particularly worrying because terrestrial woody habitats like tropical forests are seriously threatened by anthropogenic disturbance (Barlow et al., 2016) , and vertebrate clades are the most used target groups in conservation planning . Documenting therefore the response of tropical forest vertebrates to environmental gradients helps elucidate potential outcomes of global climate change to biodiversity (Whittaker et al., 2005) .
Among vertebrates, ectotherms are hypothesized to be particularly sensitive to temperature change due to their direct physiological connection to ambient temperature (Buckley, Hurlbert, & Jetz, 2012; Deutsch et al., 2008) . Cumulative evidence suggests that tolerance to heat is largely conserved across ectotherms (Araújo et al., 2013) .
Consequently, species living in warm regions, such as tropical forests, might lack the adaptations or phenotypic plasticity to face high variability in temperature (Gunderson, Stillman, & Gunderson, 2015) .
Indeed, in tropical regions, "dry skinned" ectotherms need to rely on thermoregulatory behaviour to achieve cooler temperatures and avoid overheating (Huey et al., 2009) . Moreover, it has been shown that fully hydrated ectotherms can considerably extend their activity time, increasing nutrient budget and fitness, ultimately enhancing population survival (Kearney, Simpson, Raubenheimer, & Kooijman, 2013) .
Therefore, ectothermic species from warm and wet regions may be more capable of "climatic niche" partitioning, through either improved thermoregulatory behaviour or buffered physiological tolerances, indicating the importance of abiotic factors, i.e. environmental filtering, on species coexistence. Conversely, in regions where heat and drought are temporally coincident, ectotherms might have fewer opportunities to avoid overheating and/or dehydration (Daltry, Ross, Thorpe, & Wüster, 1998) . If ectotherms facing warm and dry conditions are already closer to their upper thermal tolerance (Hoffmann, Chown, & Clusella-Trullas, 2013) , then the partitioning of the climatic niche would be less likely, and other process rather than environmental filtering would be important to allow species coexistence. If this is true, patterns of covariation between assemblage composition and environmental gradients (sensu Araújo & Pearson, 2005) will be high among tropical ectothermic assemblages from regions with rainy summers relative to those assemblages facing dry summers.
Herein, we explore the role of environmental filtering in explaining changes in species and phylogenetic composition of a major ectothermic clade across tropical forests with distinct climatological regimes.
More specifically, we investigate the compositional and phylogenetic turnover of snake assemblages in the Atlantic Forest (AF) hotspot, in South America (Mittermeier et al., 2005; Zachos & Habel, 2011) . Unlike most others tropical forests, the AF has high variation in contemporary climatic stability. Modern patterns of humid air circulation result in two distinct climatological regimes within the AF, with dry summers and rainy winters in its northern part and rainy summers and dry winters in the south (Grimm, 2003) . These disparate climatological regimes have been shown to affect phylogeographic endemism of AF ectotherms, with current climate explaining the historical maintenance of ectothermic lineages better in the southern than northern part of this hotspot (Carnaval et al., 2014) . The concomitant warm and wet conditions in the southern-AF might provide more opportunities for ectotherms to buffer their physiological tolerances, which may lead them to be filtered differently along broad-scale environmental gradients. If this is true, abiotic factors will be more important in explaining the turnover of species and lineages among southern-AF ectothermic assemblages. In contrast, in the northern-AF where the warm and dry seasons coincide, ectothermic species cannot rely on water to buffer the heat load. Under this expectation, ectotherms' climatic niche would be more restricted to a common range of appropriate thermal conditions, with broad-scale environmental conditions filtering species distributions in a similar way (reduced role of abiotic factors). Hence, turnover (not the gain and loss) of species and lineages in the northern-AF may be more affected by other deterministic processes (limiting similarity, MacArthur & Levins, 1967) or even neutral ones (Hubbell, 2001 ), if we assume that under dry summers, species are "equivalent" regarding their climatic niche and more likely to behave as "neutral species."
The ability of ectotherms to buffer the heat stress might also be enhanced by topographic gradients. Wider ranges in elevation may enable species to easily track suitable climatic conditions along the topographic gradient, promoting the historical persistence of montane ectotherms (Sunday et al., 2014) . Within this context, the AF is also unique among tropical forests for harbouring three important South American mountain chains (Serra do Mar, Serra da Mantiqueira and Serra do Espinhaço, the latter partially). Such topographic complexity
β-diversity, Atlantic Forest, climatological regime, ectotherm, environmental filtering, multiscale processes, phylogenetic structure, reptile, species composition, turnover in AF is suggested to act not as a physical barrier, but rather as historical climatic barrier on snake distribution . However, those mountain chains are not uniformly distributed along the AF and most of them are south-located. As the northern-AF has a considerably flatter relief than southern-AF, ectothermic species in northern forests might have historically few opportunities to cope with climate change along elevational gradients. Consequently, potential differences in the role of environmental filtering in structuring snake assemblages in northern-and southern-AF might be connected to the greater topographic complexity of southern-AF, rather than on differences in climatological regimes.
Overall, we expect a greater influence of environmental conditions on snake assemblage structure in southern-than northern-AF, either due to differences in climatological regimes (dry summers/rainy winters in north vs. rainy summers/dry winters in south) or topographic complexity (flatter relief in north vs. shaper relief in south). If the compositional and phylogenetic structure of southern-AF snake assemblages respond better to broad-scale environmental conditions, we expect to find (i) the phylogenetic clustering of southern-AF snake assemblages, and stronger signature of (ii) coarse-scale spatial processes and (iii) environmental filtering in explaining the compositional and phylogenetic turnover of snakes. In the northern-AF, we expect snake assemblages to have a phylogenetic structure (i) overdispersed (in support of limiting similarity) or random (neutral processes), and (ii) a stronger role of spatial processes operating at fine to intermediate scales in concert with a relatively (iii) smaller influence of environmental filtering on the compositional and phylogenetic turnover of snakes. If climatological regimes are leading to different ectotherms' responses to environment, we expect that the synergism between thermal and water-related conditions emerges as the key difference between snake assemblages' response in northern-and southern-AF. That is, the simultaneous influence of thermal and water-related conditions should be greater in snake assemblages in southern-than northern-AF. Alternatively, if potential differences in role of environmental filtering between ectothermic assemblages in northern-and southern-AF depend upon topography, then the importance of topographic complexity would come out as the major difference between snakes' responses in northernand southern-AF. We further discuss the implications of our findings for conservation of AF ectotherms and climate change.
| MATERIALS AND METHODS

| Species assemblage data
The dataset used here represents a comprehensive compilation of the snake inventories available in the public literature, either published (articles and books) or not (theses, dissertations, environmental impact assessments and management plans). We also included unpublished data from several researchers, including ourselves. Overall, the dataset comprises 218 surveyed sites within the AF, including 3,623 species occurrence records from 198 snake species. To reduce potential biases due to methodical differences in sampling procedures, shortterm inventories employed at least two out of eight different sampling methods (artificial shelter, funnel traps, local collectors, museum records, pitfall traps, quadrat plots, visual search, and road survey/casual encounters) and two or more sampling periods (dry and rainy seasons).
Exceptions were made for long-term inventories (>4 years of sampling) whose sampling procedure did not necessarily cover more than one sampling method. All snake assemblages in our dataset have at least five snake species identified at the species level. Complete description of this dataset is provided in .
| Quantification of variation in community composition
Differences in species composition among assemblages (compositional beta-diversity-CBD) are often quantified through a dissimilarity index. More recently, studies have recommended the use of dissimilarity measures independent of richness-difference to investigate patterns of CBD (see Baselga & Leprieur, 2015 and references therein).
Such dissimilarity measures are often claimed to represent the "true turnover" in species composition because they are not affected by processes generating richness gradients (Baselga, 2010) . Thus, we estimated the level of compositional dissimilarity between pairs of snake assemblages using the Simpson index (β sim ), which provides a measure of beta-diversity independent of richness-difference (Koleff, Gaston, & Lennon, 2003) . β sim (CBD, hereafter) was obtained in R 3.2.3 (R Core Team 2017) using the betapart package (Baselga & Orme, 2012) .
| Quantification of variation in phylogenetic composition
To compute phylogenetic metrics, we used a recently published fully sampled squamate phylogeny (Tonini, Beard, Ferreira, Jetz, & Pyron, 2016) , which was pruned to comprise only those species registered in the AF snake assemblages. Of the 198 snake species considered in our study, three are absent from this published tree (Amerotyphlops arenensis, Chironius brazili and Thamnodynastes nattereri). We added these three species as polytomies at the genus level before the computations of phylogenetic metrics.
We used the phylogenetic diversity (PD) to quantify the amount of evolutionary history (branch lengths) across species in each assemblage (Faith, 1992) . To assess the phylogenetic structure at each assemblage, we calculated the net relatedness index (NRI), which measure the mean phylogenetic distance (MPD) of taxa in a sample (Webb, Ackerly, McPeek, & Donoghue, 2002) . We assessed the significance of each NRI in relation to a null distribution of NRIs based on the 9,999 randomizations of species across the tips of the snake phylogeny, while holding species richness and CBD constant (Graham et al., 2009; Swenson, 2014) . For the sake of interpretability, NRI is often multiplied by −1 to match the standardized effect size (SES) of the mean pairwise phylogenetic distance across taxa (−NRI = SES = (MPD obs − mean (MPD null ))/SD (MPD null ). SES values smaller than −1.96 indicate phylogenetic clustering, that is the MPD across species in a given assemblage is smaller than expected under the null model, whereas values higher than +1.96 indicate phylogenetic overdispersion (Webb et al., 2002) .
The phylogenetic beta-diversity (PBD) across assemblages is computed analogously to the CBD, but instead of changes in species composition across sites, PBD considers the changes in the branches of the phylogeny that are represented by taxa across sites (Graham & Fine, 2008) . Because we are interested in the "true turnover" of snake lineages, we used the turnover component of the PhyloSor index (PhyloSor tur ), which is a phylogenetic dissimilarity index independent of PD gradients (Leprieur et al., 2012) . PD and SES were calculated using the picante package (Kembel et al., 2014) , and PhyloSor tur (PBD, hereafter) was obtained in R 3.2.3 using the beta.pd.decompo function provided in Leprieur et al. (2012) .
| Quantification of predictor variables
We used seven variables to represent variation in environmental conditions: mean temperature of warmest quarter (TWQ), precipitation of warmest quarter (PWQ), temperature seasonality (TS), precipitation seasonality (PS), mean elevation (ElevM), elevational range (ElevR) and elevation roughness (ElevCV, coefficient of variation of elevation).
Mean annual temperature and annual precipitation could oversimplify the differences in climatological regimes within the AF (e.g. rainy summers and dry winters vs. dry summers and rainy winters); thus, we expect that TWQ and PWQ better represent potential thermoregulatory constraints influencing tropical forest reptiles. To calculate the climatic and topographic variables, we used the WorldClim database (Hijmans, Cameron, Parra, Jones, & Jarvis, 2005) at 30 arc-sec resolution (≈1 km). To meet the spatial resolution of the species assemblage data, we calculated the mean, range or coefficient of variation of the predictors listed above using a buffer of 10-km radius centred on the geographic coordinates of each site. Computations were performed in R 3.2.3 using the raster package (Hijmans, 2015) .
The use of all environmental predictors may unsurprisingly lead to high multicollinearity, which also increases due to the addition of quadratic terms to assess hump-shaped relationships between predictors and the response matrix. To allow for nonlinear relationships and circumvent the collinearity issue between linear and quadratic terms, we calculated two orthogonal polynomials (first and second degree) for each environmental predictor. To further reduce multicollinearity, we computed the variance inflation factor (VIF) for the complete set of 14 orthogonal polynomials and excluded those variables with VIF >5 (Kutner, Nachtsheim, Neter, & Li, 2004) . For instance, only ElevM was dropped due its high collinearity with TWQ. The final set of environmental predictors included 12 variables with pairwise Pearson's correlations ranging from −0.518 to 0.468 and VIF from 1.14 to 3.11 (see Table S1 in Appendix S1).
The spatial structure embedded in stochastic processes (or in the environment) is expected to produce spatial correlation in species distribution and therefore in assemblage composition. To account for spatially structured processes, we applied a distance-based Moran's eigenvector map (dbMEM) analysis (Borcard & Legendre, 2002) . In this analysis, a matrix of geographic distances is computed among the sites and then truncated according to a distance threshold (Borcard & Legendre, 2002) . A PCoA is performed using the truncated (geographic) distance matrix, and the principal coordinates corresponding to the positive eigenvalues are retained as Moran's eigenvectors (spatial filters, hereafter) (Legendre & Legendre, 2012) . The maximum distance from the minimum spanning tree linking all sites was used to produce the connectivity (truncated) matrix, and the geographic distances larger than this threshold were replaced by four times the threshold value (as recommended in Borcard & Legendre, 2002) .
These spatial filters are synthetic variables commonly used to represent spatial processes occurring from coarse (the first spatial filters extracted) to fine (the last spatial filters produced) scales (Legendre & Legendre, 2012) . To examine the spatial correlation in each spatial filter, we produced a spatial correlogram of Moran's I coefficients using 16 geographic distance classes (defined according to Sturges, 1926) .
We then performed a Moran's I test for significant spatial correlation in each distance class, retaining only those spatial filters with significant spatial correlation (p ≤ .05 in Moran's I test) in at least one distance class. Overall, 58 spatial filters were retained to represent the multiscale spatial processes that may drive CBD and PBD patterns.
| Delineation of climatological regimes
To determine proxies to the climatological regimes in the AF, we initially rasterized the AF boundaries at 2.5 arc-min resolution (≈5 km) and extracted the values of TWQ, PWQ, TS and PS for each grid cell within the AF. To obtain orthogonal variables representing the bioclimatic spaces within the AF, we performed a principal component analysis (PCA) using these four bioclimatic variables.Then we extracted all PCA scores for each grid cell and performed a K-means partitioning analysis using the PCA scores to cluster the AF into two bioclimatic spaces. Not surprisingly, the clustering of PCA scores returned two spatially cohesive groups matching the climatological regimes observed between northern-and southern-AF ( Figure 1a ). We categorized snake assemblages according to these two bioclimatic spaces (hereafter treated as "climatological regimes"). All subsequent analyses were performed using snake assemblages within the: (i) whole AF extent, (ii) northern-AF and (iii) southern-AF.
| Data analysis
We recognize that strong biases in methodical differences between snake assemblages in northern-and southern-AF could hamper the interpretation of results. To ensure the robustness of our comparisons, we coded the sampling methods employed in each snake assemblage as dummy variables and performed an analysis of multivariate homogeneity of groups dispersions (Anderson, 2006) to verify if the variability of sampling methods (multivariate dispersion) differed between northernand southern-AF, which was not the case (F 1,216 = 2.179, p = .141). For the general picture, we thus assumed that potential differences emerging between northern-and southern-AF snake assemblages are not related to type of sampling method employed across different sites.
We tested if the overall phylogenetic structure within assemblages (SES values) differed between northern-and southern-AF. Because SES was spatially correlated, we performed a forward selection procedure of spatial filters to retain only those filters that reduced the largest amount of spatial autocorrelation in the residuals of a GLM model using SES as response variable (Legendre & Legendre, 2012) . The selection of new spatial filters stopped when the GLM residuals showed Moran's I < 0.05 at the first out of 16 distance-classes correlogram. We then included the forward-selected spatial filters in a GLM model followed by a categorical variable indicating the location of snake assemblages (northern-AF or southern-AF) and performed a traditional ANOVA (see Figure S6 in Appendix S1 for spatial correlogram of model residuals).
To determine the primary correlates of compositional (CBD) and phylogenetic (PBD) structure across sites, we applied a modified version of the distance-based redundancy analysis (dbRDA; Legendre & Anderson, 1999) . In the traditional dbRDA, a principal coordinate analysis (PCoA) is performed to extract a Euclidean representation (i.e. the principal coordinates) of a symmetric response matrix to be used in a RDA (Legendre & Legendre, 2012) . If a non-Euclidean response matrix (sensu Gower & Legendre, 1986 ) is used (as a note, CBD and PBD are non-Euclidean), the principal coordinates produced have positive and negative eigenvalues, the latter corresponding to eigenfunctions based on complex numbers. In ignoring these complex numbers, We first applied this MRP test to CBD and PBD using all 12 environmental predictors. If the full model predicted a significant relationship, then we used forward selection to identify a more parsimonious set of variables that represented an explanatory power (adjusted-R 2 ) similar to the model containing all predictors (full model, Blanchet, Legendre, & Borcard, 2008) . To be forward-selected, a given predictor had to (i) increase the adjusted-R 2 the most, while (ii) achieving a significant relationship (p ≤ .05), and (iii) could not exceed the adjusted-R 2 of the full model (Blanchet et al., 2008) . The number of sampling years and the number of sampling methods were also included in the MRP test to assess possible biases due methodical differences among sites.
To assess the influence of multiscale spatial processes in snake assemblages, we investigated CBD and PBD under an orthonormal basis (Ollier, Couteron, & Chessel, 2006) . We adopted a stepwise forward procedure with multiple MRP tests to compute the variation in CBD and PBD explained by spatial filters representing coarse to fine spatial scales. A different MRP test was computed after the inclusion of each spatial filter in the model. At each iteration, the adjusted-R 2 was calculated until all spatial filters had been included in the MRP model. The resulting output was used to build cumulative orthogram plots (Ollier et al., 2006) , with the cumulative adjusted-R 2 of CBD and PBD plotted against the number of spatial filters included in the MRP model.
To disentangle the relative importance of environmental filtering and spatially structured factors, we grouped the explanatory variables into two distinct sets of predictor variables, which we called environmental variables (Env set ) and spatial filters (Spf set ). Only the forward-selected environmental variables were included within the Env set . We used variation partitioning (Borcard, Legendre, & Drapeau, 1992) to assess the relative importance of each predictor set, thereby quantifying the unique and shared contributions of Env set and Spf set in explaining CBD and PBD Legendre (2014) and the vegan package (Oksanen et al., 2015) .
| RESULTS
The median snake richness per site in the AF was 14 species (range = 5-46) and total richness (whole AF) was 198 species.
Regional snake richness was slightly higher in southern-AF ( was similar between northern-and southern-AF (see Figure S1 in Appendix S1). The variability in sampling methods did not differ between northern-and southern-AF too (as previously informed in Data analysis). Therefore, we focus only on the results for environmental filtering and spatial filters as explanatory variables.
Environmental gradients explained roughly 40% of the variation in CBD and PBD of snakes for the whole AF, although the variation explained by the environment was slightly smaller for PBD (Table 1) .
Temperature seasonality (TS) and summer temperatures (TWQ) emerged as the most important predictors of CBD and PBD across the entire AF, whereas the precipitation seasonality (PS) was the most important predictor at the scale of the northern-and southern-AF. As expected, environmental gradients better explained variation in CBD and PBD of snake assemblages in southern-than northern-AF (Table 1 ).
The overall spatial structure embedded within the CBD and PBD was remarkably similar across the snake dataset (whole AF, northern-AF and southern-AF), explaining between 46%-48% of CBD and 42%-47% of PBD (Table S2 in Appendix S1). However, the spatial structure of northern-and southern-AF snake assemblages was not caused by processes operating at similar spatial scales. In inspecting the orthogram plots (Figure 3) , it is evident the spatial structure of CBD and PBD of southern-AF snake assemblages was mostly due to spatial processes operating at coarser scales, whereas CBD and PBD in northern-AF were affected by spatial processes at intermediate and fine scales, in spite of the importance of coarse-scale processes too. Note that spatial filters do not have any biological meaning, instead they are abstract representations of processes generating spatial structure in snake assemblage composition. Spatial filters representing coarsescale processes are likely mirroring climatic gradients, whereas those operating at fine to intermediate scales may be seen as processes acting from local to landscape scales, such as biotic interactions and neutral dynamics (see Figure S3 in Appendix S1 for illustrative examples). Taken together, the spatial filters (Spf set ) and the environmental variables (Env set ) accounted for similar amounts of variation in snake assemblages for the whole AF (CBD 54.3%; PBD 50.3%), northern-AF (CBD 57.5%; PBD 57.2%) and southern-AF (CBD 55.6%; PBD 50.6%).
Most of the variation in CBD and PBD attributable to the environment was spatially structured and the unique contribution of space in explaining CBD and PBD was higher in northern-than southern-AF snake assemblages (Figure 4 ). The differences in the role of environmental filtering between northern-and southern-AF snake assemblages also extend to climatological factors. The unique contribution of thermal and water-related conditions best explained the CBD and PBD of snakes in the northern-AF, whereas the shared variation attributable to these two predictor sets contributed the most to the variation in CBD and PBD in the southern-AF ( Figure 5 ). The unique contribution of topography was stronger in explaining the CBD and PBD of southern-than northern-AF snakes. In contrast, the synergistic associations between topography and thermal conditions predominated in snake assemblages in the northern-but not southern-AF.
| DISCUSSION
Although highly diverse throughout the entire AF, the snake assemblages in the northern and southern regions of this biodiversity hotspot exhibit three major differences in their patterns of compositional (CBD) and phylogenetic (PBD) beta-diversity. Snake assemblages in southern-AF present an (i) overall trend of phylogenetic clustering, and have their CBD and PBD better explained by (ii) environmental gradients and (iii) coarse-scale spatial processes in comparison with northern-AF. Conversely, the northern-AF snake assemblages (i) tend to be phylogenetically overdispersed, and show CBD and PBD patterns that are (ii) less structured by environmental gradients and (iii) greater affected by spatial processes operating at fine to intermediate scales. All together, these findings point out to the stronger role of environmental filtering in structuring tropical forest snake assemblages from regions with rainy summers and dry winters, and to potential greater role of deterministic biotic interactions and neutral processes on those assemblages facing dry summers and rainy winters.
Environmental filtering is regarded as the predominant assembly process in phylogenetically clustered species assemblages, but only if traits governing the species-environment associations are evolutionary conserved (Cavender-Bares et al., 2009) . As pointed by our findings, CBD and PBD of AF-wide snakes are strongly affected by climatic gradients, particularly thermal-related factors, suggesting a strong role of physiological tolerances in species distribution. As physiological limits of ectotherms are largely conserved (Hoffmann et al., 2013) , our results are in line with expectations under the phylogenetic niche conservatism. Moreover, "dry skinned" ectotherms may rely on water to buffer thermoregulatory constraints imposed by temperature variability (Kearney et al., 2013) . Thus, it is not unexpected that waterrelated conditions become important drivers of tropical reptiles occurring under relatively similar thermal conditions, that is, within a same climatological regime. This expectation is confirmed by the predominance of precipitation seasonality among the best single predictors of CBD and PBD of snakes in both northern-and southern-AF (Table 1 ).
The emergence of the synergism between thermal and water-related conditions as the key difference in the influence of environmental filtering between northern-and southern-AF snake assemblages further T A B L E 1 Results of the forward selection procedure based on the cumulative adjusted-R 2 (Cum. R 2 × 100) for environmental variables (Var) explaining the compositional (CBD) and phylogenetic (PBD) beta-diversity of snakes in the Atlantic Forest hotspot 
39.76
ElevR = elevational range; ElevCV = coefficient of variation of elevation; PS = precipitation seasonality; PWQ = precipitation of warmest quarter; TS = temperature seasonality; TWQ = mean temperature of warmest quarter. 2 denotes the quadratic term for the respective variable.
*Predictor is not significant (p > .05) in explaining snake CBD and PBD of snakes; it is included as a constraint due to the forward selection of its respective quadratic term (i.e. model needs to include the linear term).
reinforces the role of water availability on thermoregulatory needs of tropical ectotherms. As warm and rainy seasons are temporally coincident in southern-AF ( Figure S4 in Appendix S1), there ectotherms might have more opportunities to partitioning the climatic niche than those species in northern-AF, where summers are dry (but see Paterson & Blouin-Demers, 2017) .
Although snake assemblages in the northern-AF show an overall trend of phylogenetic overdispersion, they still are substantially structured by environmental conditions. Phylogenetically overdispersed communities can be caused by deterministic ecological interactions, convergent evolution and historical contingencies (Cavender-Bares et al., 2009; Webb et al., 2002) . Under particular abiotic conditions, reptile species may face stronger biotic interactions (Gilman, Urban, Tewksbury, Gilchrist, & Holt, 2010; Huey et al., 2012) . For instance, species experiencing the dry summers of northern-AF may suffer increased competition for thermal refuges and food resources. It has been shown that snakes compete more for food resources in the tropics, particularly during dry season when prey availability might be scarce (Luiselli, 2006) . Warmer regions may also increase parasitism rate in snakes by increasing vulnerability of hosts (Barrow & Stockton, 1960) . Alternatively, labile traits might be important to track environmental suitability under particular conditions (Burbrink & Myers, 2015) . Traits related to reproductive ecology and daily/seasonal activity are known to vary intra-and interspecifically in AF snakes and according to climatic gradients (Barros, Rojas, & AlmeidaSantos, 2014; Pizzatto, Cantor et al., 2008; Pizzatto, Jordão, & Marques, 2008) . Additional research on community phenotypic structure will shed light on extent in which the phylogenetic overdispersion of ectothermic assemblages facing dry summers can be explained by environmental filtering (phenotypic clustering of labile traits) or deterministic biotic interactions (phenotypic overdispersion of conserved traits).
Phylogenetic structure within snake assemblages can also be caused by historical contingencies. In the AF, the most diverse snake clades are not uniformly distributed ( Figure 6 ). Accumulated evidence points to origins in South America for Xenodontinae, Central America for Dipsadinae and North America for Colubridae and Crotalinae snakes (Alencar et al., 2016; Cadle & Greene, 1993; Vidal, Kindl, Wong, & Hedges, 2000) . Together, these four clades account for more than 85% of snake species in the AF (Table S4 in Appendix S1). While these four clades are more evenly distributed in northern-AF, Xenodontinae is more diverse in southern-AF. Indeed, there is some indication that phylogenetic structure of Neotropical snake assemblages may be constrained by the distribution of major snake lineages although the sample size was limited to only 12 assemblages, of which four are in the AF (Cavalheri, Both, & Martins, 2015) . Therefore, differences in the "biogeographic species pool" might explain the phylogenetically clustered snake assemblages in the southern-AF and overdispersed in the northern-AF. If we restrict the biogeographic species pools to only northern-or southern-AF snake species before calculating the phylogenetic structure (SES), then the snake assemblages reveal a less clear pattern of phylogenetic clustering towards the south and overdispersion towards the north ( Figure S5 in Appendix S1). Thermal Water
of phylogenetic clustering in the southern-AF is unlikely. Instead, we suggest that a combination of distinct processes (speciation and colonization by close-relatives), operating at different time frames, would have contributed to shape snake lineage distribution in the AF.
The total contribution of spatial factors in explaining CBD and PBD of snakes were affected by neither the spatial extent (whole AF vs.
northern/southern halves) nor the climatological regime (northern-AF vs. southern-AF). Had we not performed the multiscale assessment of F I G U R E 6 Phylogeny of snake species in the Atlantic Forest (AF). The colour of tips and labels (scientific names) of the tree in (a) indicates the species occurring only in northern-AF (red), southern-AF (blue) or in both AF regions (grey). (b) Number of species of each lineage (background colours in upper graph) occurring in northern-, southern-AF or both AF regions. (c) Number of records in our dataset for the unique species in northern-and southern-AF according to the clade they belong. See Table S4 in Appendix S1 for the complete list of snake species within each AF region. Among the major lineages indicated by the light colours, only "Scolecophidia" is not monophyletic [Colour figure can be viewed at wileyonlinelibrary.com] P h a lo tr is le m n is c a tu s P h a lo tr is la ti v it ta tu s P h a lo tr is m a to g ro s s e n s is P h a lo tr is m e rt e n s i P h a lo tr is re ti c u la tu s E c h in a n th e ra a m o e n a E c h in a n th e ra m e la n o s ti g m a E c h in a n th e ra c e p h a lo m a c u la ta E ch in a n th e ra ce p h a lo st ri a ta in the southern-AF snake assemblages correspond to important broadscale gradients not included in our analysis (e.g. cloud cover and solar radiation), at least partially. In contrast, neutral processes (e.g. neutral drift and dispersal limitation) that generate spatial correlation at intermediate to fine scales (Hubbell, 2001 ) may be stronger in northern-AF.
X e n o d o n d o rb ig ny i X e n o d o n ra b d o ce p h a lu s X e n o d o n n e u w ie d ii X e n o d o n m e rr e m ii L y g o p h is a n o m a lu s L y g o p h is d il e p is L y g o p h is fl a v if re n a tu s L y g o p h is
S ip h lo p h is le u c o c e p h a lu s S ip h lo p h is lo n g ic a u d a tu s S ip h lo p h is p u lc h e r H e li c o p s a n g u la tu s H e li c o p s c a ri n ic a u d u s H e li c o p s m o d e s tu s H e li c o p s le o p a rd in u s H e li c o p s in fr a
P ty c h o p h is fl a v o v ir g a tu s T h a m n o d y n a s te s c h a q u e n s is T h a m n o d y n a s te s h y p o c o n ia T h a m n o d y n a s te s n a tt e re ri T h a m n o d y n a s te s lo n g ic a u d u s T h a m n o d y n a s te s p a ll id u s T h a m n o d y n a s te s ru ti lu s T h a m n o d y n a s te s s tr ig a tu s T o m o d o n d o rs a tu s G o m e so p h is
Im a n to d e s c e n c h o a L e p to d e ir a a n n u la ta C h ir o n iu s b ic a r in a tu s C h ir o n iu s b ra z il i C h ir o n iu s c a r in a tu s C h ir o n iu s d ia m a n ti n a C h ir o n iu s e x o le tu s C h ir o n iu s fl a v o li n e a tu s C h ir o n iu s fo v e a tu s C h ir o n iu s fu s c u s C h ir o n iu s la e v ic o lli s C h ir o n iu s q u a d ri c a ri n a tu s L e p to p h is a h a e tu lla
Neutral drift can result from complex deterministic processes (Rosindell, Hubbell, He, Harmon, & Etienne, 2012) , for example, extreme events of warm and dry conditions whose frequency is higher in northern-than southern-AF ( Figure S4 in Appendix S1), whereas dispersal limitation may be more likely under thermal/hydric stress (Buckley, Tewksbury, & Deutsch, 2013; Kearney et al., 2013) . Although caution is needed in interpreting the unknown sources of spatial variation (Smith & Lundholm, 2010) , our spatial analysis confirms the general picture outlined so far:
the greater influence of coarse-scale processes (e.g. broad-scale environmental gradients) in structuring snake assemblages in regions with rainy summers; and the stronger role of fine to intermediate scale processes (e.g. neutral processes and/or biotic interactions) for those assemblages facing dry summers.
We acknowledge that our models do not explicitly consider human influences or historical variation in climate, focusing mainly on contemporary climatic factors influencing CBD and PBD of snakes in the AF.
If thermoregulatory needs are a major mechanism determining snakes' responses to environmental conditions, we expect a greater difficulty of avoiding overheating in heavily fragmented landscapes, where the number of habitats providing shade is limited. For instance, global predictions from biophysical models indicate the necessity of c. 20%-45% of shade requirement for ectothermic thermoregulation over the AF extent (Kearney, Shine, & Porter, 2009) . Such estimates are particularly worrying for AF reptiles, given that only 12% of this tropical forest remains (Ribeiro, Metzger, Martensen, Ponzoni, & Hirota, 2009 ). An alternative to outrun the heating would be migrating uphill (Sunday et al., 2014) . Unfortunately, this is a limited option for most reptile species in northern-AF, as the main mountain ranges are south-located ( Figure S4 in Appendix S1). Therefore, it is not surprising that topography contributed more to the structure of southern-than northern-AF snake assemblages. To add another complicating factor, most of the AF cover located at low elevations (<1,200 m) has been converted into human modified or anthropogenic landscapes, and the remaining lowland forests are mostly unprotected (Tabarelli, Aguiar, Ribeiro, Metzger, & Peres, 2010) . Therefore, reptile species in this hotspot might already be seriously threatened by feedback loops of climate warming, habitat loss and habitat fragmentation.
Our findings raise the worrying possibility that a combination of climate warming and altered precipitation patterns during the warmest periods is likely to impose unsustainable conditions to ectothermic populations, potentially altering the processes mediating species coexistence. It is important to highlight that changes in precipitation regimes can also interact with land use change and exacerbate effects of habitat loss and fragmentation (Mantyka-Pringle, Martin, & Rhodes, 2012) . We recommend future research efforts to consider the influence of ecological traits on ectotherms' response to a changing environment. Special attention should be given to traits that likely influence species' thermoregulation and/or ability to cope with thermal stress, such as body size, diel activity, microhabitat preferences and reproductive mode, among others. Because ectotherms' responses vary according to the synergism between thermal and water-related conditions, we recommend future studies to explore methods that allow for non-stationary of speciesenvironment associations (Ferrier, Manion, Elith, & Richardson, 2007) .
In understanding the mechanisms behind the assembly process, we will be able to develop proper conservation strategies for ectotherms.
